Optimization of the mevalonate-based isoprenoid biosynthetic pathway in Escherichia coli for production of the anti-malarial drug precursor amorpha-4,11-diene.
The introduction or creation of metabolic pathways in microbial hosts has allowed for the production of complex chemicals of therapeutic and industrial importance. However, these pathways rarely function optimally when first introduced into the host organism and can often deleteriously affect host growth, resulting in suboptimal yields of the desired product. Common methods used to improve production from engineered biosynthetic pathways include optimizing codon usage, enhancing production of rate-limiting enzymes, and eliminating the accumulation of toxic intermediates or byproducts to improve cell growth. We have employed these techniques to improve production of amorpha-4,11-diene (amorphadiene), a precursor to the anti-malarial compound artemisinin, by an engineered strain of Escherichia coli. First we developed a simple cloning system for expression of the amorphadiene biosynthetic pathway in E. coli, which enabled the identification of two rate-limiting enzymes (mevalonate kinase (MK) and amorphadiene synthase (ADS)). By optimizing promoter strength to balance expression of the encoding genes we alleviated two pathway bottlenecks and improved production five fold. When expression of these genes was further increased by modifying plasmid copy numbers, a seven-fold increase in amorphadiene production over that from the original strain was observed. The methods demonstrated here are applicable for identifying and eliminating rate-limiting steps in other constructed biosynthetic pathways.